Introduction {#S0001}
============

Chronic obstructive pulmonary disease (COPD) is the 4th leading cause of death globally; it caused 3.0 million deaths in 2016[@CIT0001] The Global Initiative for Chronic Obstructive Lung Disease (GOLD) has been publishing documents for the diagnosis, classification, and treatment of patients with COPD since 2001, and the documents have been updated regularly. The recent major revision was in 2011 and 2017.[@CIT0002],[@CIT0003] Before the 2011 GOLD revision, patients with COPD were graded into GOLD stages 1 to 4 based on only one parameter, which was the percentage of the predicted value of forced expiratory volume in one second (FEV~1~% predicted) that was measured by spirometry. The spirometric grading system had some limitations because it did not take into account the patient's symptoms and history of exacerbations.

Thus, the GOLD 2011 document combined symptoms, as assessed using the modified Medical Research Council (mMRC) dyspnea scale or COPD Assessment Test (CAT); spirometric severity of airflow limitation; and history of exacerbations to assess patients with COPD. Based on this combined assessment, patients with COPD were classified into category A, B, C, or D and were treated according to the recommendations for each category. Although the GOLD classification was not originally aimed to predict the survival of patients with COPD, the prognostic validity of GOLD 2011 was excellent; the mortality was obsreved to increase progressively from group A to group.[@CIT0004],[@CIT0005] However, some limitations of the GOLD 2011 classification were identified despite the new indexes that were introduced in it, and more complex assessments were implemented. Johannessen et al reported that the abilities GOLD 2007 and GOLD 2011 in predicting hospitalization and mortality were similar[@CIT0006] Lange et al showed that mortality of patients in group B was higher than that in group C[@CIT0007] Furthemore, the ability of GOLD 2011 to predict lung function decline was inferior to that of GOLD 2007 according to a report by Kim et al.[@CIT0008]

Consequently, the GOLD 2017 classification, which classified patients with COPD into group A to D using 3 parameters -- including mMRC dyspnea scale, CAT, and history of exacerbations -- was announced recently[@CIT0003] The use of the spirometric parameter with the purpose of classifying patients with COPD was excluded, and spirometry was recommended only as a diagnostic tool according to the GOLD 2017 document. Since the introduction of GOLD 2017, Lopez et al have reported that the GOLD 2011 model predicted survival better than the GOLD 2017 model does[@CIT0009] With regard to the ability of predicting acute exacerbations, Marcoa et al reported that the GOLD 2017 and GOLD 2011 classification had a similar ability to predict future exacerbations[@CIT0010] However, the evidence is still insufficient to conclude whether GOLD 2017 performs better than previous GOLD classifications.

The BMI, obstruction, dyspnea, exercise (BODE) index is a simple multidimensional grading system that predicts mortality of patients with COPD better than FEV~1~[@CIT0011] Researches to compare predictive abilities between the GOLD 2017 classification and the BODE index regarding mortality and respiratory hospitalization are lacking.

Thus, the current study aimed to evaluate the abilities of the GOLD 2017 classification and compare those with the GOLD 2007 classification; GOLD 2011 classification; and the BODE index in terms of predicting mortality and respiratory hospitalization.

Materials and methods {#S0002}
=====================

Study patients {#S0002-S2001}
--------------

A total of 149 patients with COPD who were being followed up in the outpatient pulmonary clinic of a single tertiary referral hospital (Gyeongsang National University Hospital, Jinju, South Korea) were recruited from October 2011 to September 2013 in this non-interventional observational study. Patients were recruited if they had respiratory symptoms consistent with COPD, a smoking history of ≥10 pack years, and age of ≥40 years. The diagnosis of COPD was confirmed by spirometry if the post-bronchodilator FEV~1~/forced vital capacity (FVC) ratio was less than 0.7 according to the GOLD document[@CIT0003] We included patients who underwent the six-minute walk test (6MWT) to calculate the BODE index. Patients were excluded if they had bronchial asthma, severe structural lung disease (including bronchiectasis and tuberculosis-destroyed lung), or uncontrolled malignant disease that affected survival. An exacerbation of COPD was defined as acute deterioration of respiratory symptoms -- including coughing, sputum production, and/or dyspnea -- that required systemic steroids or antibiotics. Respiratory hospitalization was defined as event of severe exacerbation that needed hospital admission or emergency room visit. All patients were followed up regularly at 3-month intervals in the outpatient department. This study was approved by the Institutional Ethics Committee of Gyeongsang National University Hospital. All patients provided written informed consent, in accordance with the Declaration of Helsinki.

Study design {#S0002-S2002}
------------

Clinical information, including the CAT score, mMRC dyspnea score, and history of exacerbations, was recorded on the first day of the study after recruitment at the outpatient department. Based on the collected information and the results of spirometry, patients were assigned to 4 categories according to the GOLD 2007, GOLD 2011, and GOLD 2017 classifications. Other data on patients' baseline demographic and clinical characteristics were collected by reviewing medical records retrospectively. The collected data included age, sex, body mass index (BMI), smoking status, 6MWT results, BODE index, and comorbid diseases. The diffusing capacity of carbon monoxide (DLco) and the residual volume (RV) of the lung were obtained if the patient performed each test adequately. Changes in the group assignments of the same patients between the GOLD 2011 and GOLD 2017 classifications were assessed. The date of death was identified on the first review of the medical record; if the identification was not possible, data from the Korean Death Registry on October 22, 2017 were used. Respiratory hospitalization was recorded when the patient was admitted to our hospital due to exacerbation, or it was identified by an interview during the regular outpatient visit if the patient had been admitted to another hospital. Patients who did not visit the outpatient clinic for more than 6 months were contacted by telephone, and the information on respiratory hospitalization was obtained. We classified patients into groups A to D based on the GOLD 2017 and GOLD 2011 classifications using the obtained information and assessed the change in their distribution among the groups. Finally, we compared the abilities of the BODE index, GOLD 2007, GOLD 2011, and GOLD 2017 classification in predicting mortality and respiratory hospitalization.

Statistical analysis {#S0002-S2003}
--------------------

Statistical analyses were performed using SPSS for Windows version 21.0 software (SPSS Inc., Chicago, IL, USA). The Pearson's chi-squared test was used to analyze categorical variables. Comparison of continuous variables between GOLD group A, B, C, and D was performed using one-way analysis of variance with the Bonferroni post-hoc test. The independent-samples *t*-test was used to compare continuous variables between two groups. Multivariate binary regression analysis was used to assess the predictive ability of 2007, 2011, and 2017 GOLD classification for respiratory hospitalization after adjustment for age, gender, BMI, and smoking history. Odds ratios (ORs) and 95% confidence intervals (CIs) were estimated. Kaplan--Meier survival curves were used to evaluate the survival of patients with COPD. The log-rank test was used to compare the mortalities within the subgroups in the 2007, 2011, and 2017 GOLD classifications. Receiver Operation Characteristic (ROC) curve analyses were used to test and compare the predictive accuracy for mortality and respiratory hospitalization among the BODE index, GOLD 2007, GOLD 2011, and GOLD 2017 classifications. MedCalc for Windows version 21.0 software (MedCalc Software, Ostend, Belgium) was used to compare areas under the curves (AUCs). A *p*-value \<0.05 was considered to indicate statistical significance.

Results {#S0003}
=======

Baseline characteristics and distribution of patients {#S0003-S2001}
-----------------------------------------------------

A total of 149 patients composed of 130 males (87.2%) and 19 females (12.8%) were enrolled. The mean age of the enrolled patients was 71.2±7.65 years, and the mean FEV~1~% predicted was 51.0±18.5. Over half of the patients were allocated to group B (n=77 \[51.7%\]), and 35 (23.5%), 30 (21.1%), and 7 (4.7%) patients were allocated to group A, D, and C, respectively, according to the GOLD 2017 classification. The BMI, number of exacerbations per one year, 6MWT results, and pulmonary function (including FEV~1~, DLco, and RV) were significantly different among GOLD groups A, B, C, and D. The BODE index was highest in group D followed by group B, group C, and group A (*p*\<0.001) ([Table 1](#T0001){ref-type="table"}). The prevalence of comorbid diseases -- including hypertension, diabetes, and cardiovascular diseases -- was comparable among the 4 groups. The allocation of 42 (53.2%) patients in 2011 GOLD group C or D was changed to 2017 GOLD group A or B according to the new classification. Thirty-seven (55.2%) patients in 2011 GOLD group D were categorized into 2017 GOLD group B, and 5 (41.7%) patients in 2011 GOLD group C were categorized into 2017 GOLD group A ([Figure 1](#F0001){ref-type="fig"}). Patients whose allocations were unchanged between GOLD 2011 and 2017 classifications had significantly higher rate of respiratory hospitalization and death compared with patients whose allocations were changed ([Figure 2](#F0002){ref-type="fig"}).Table 1Baseline characteristics of enrolled subjects by GOLD 2017 classificationCharacteristicsA (n=35)B (n=77)C (n=7)D (n=30)*p*-valueAge, yr70.3±7.5171.2±7.6270.7±9.3872.6±7.700.661Male gender, %10083.1100800.033BMI, kg/m223.2±2.9321.4±2.9023.2±2.7620.2±3.660.001Smoking status, n (%)\
Current smoker\
Former smoker12 (34.3)\
23 (65.7)33 (42.9)\
44 (57.1)2 (28.6)\
5 (71.4)6 (20.0)\
24 (80.0)0.162FEV~1~, % predicted62.8±13.451.6±19.154.5±12.434.9±10.4\<0.001DLco, % predicted (n=110)87.6±21.771.3±26.888.1±12.153.9±20.6\<0.001Residual volume, % predicted (n=116)171.2±58.4179.6±58.2151.9±19.6213.5±76.30.096Number of exacerbations per one year0.14±0.360.29±0.462.00±0.002.83±1.09\<0.0016MWT393.1±74.8325.0±88.2372.9±39.9286.0±84.2\<0.001BODE index1.83±0.893.61±2.082.00±0.825.57±1.63\<0.001Comorbid diseases, n (%)\
Hypertension\
Diabetes\
Cardiovascular disease7 (20)\
3 (8.6)\
8 (22.9)14 (18.2)\
6 (7.8)\
9 (11.7)3 (42.9)\
2 (28.6)\
1 (14.3)12 (40.0)\
5 (16.7)\
5 (16.7)0.064\
0.232\
0.504Respiratory hospitalization, n (%)6 (17.1)25 (32.5)4 (57.1)25 (83.3)\<0.001Mortality, n (%)4 (11.4)15 (19.5)2 (28.6)16 (53.3)0.001[^1] Figure 1Distribution (%) of patients with COPD by GOLD 2017 and GOLD 2011 classifications.Figure 2Comparison of mortality and respiratory hospitalization between the unchanged group C/D and group A/B that was from 2011 GOLD group C/D.

Respiratory hospitalization {#S0003-S2002}
---------------------------

Respiratory hospitalization occurred in 60 (40.3%) patients during the median follow-up of 61 months. The events of respiratory hospitalization most commonly occurred in group D followed by group C, group B, and group A (*p*\<0.001) ([Table 1](#T0001){ref-type="table"}). Multivariate regression analysis showed that patients in 2007 GOLD group 4 (OR, 31.5; 95% CI, 2.52--394.4; relative to group 1), in 2011 GOLD group D (OR, 6.75; 95% CI, 2.07--22.0; relative to group A), and in 2017 GOLD group C (OR, 7.55; 95% CI, 1.25--45.8) and group D (OR, 25.0; 95% CI, 6.01--102.9) (both relative to group A) were more likely to undergo respiratory hospitalization after adjusting for age, BMI, and smoking history ([Table 2](#T0002){ref-type="table"}). ROC curve analyses showed that the AUCs of GOLD 2007, GOLD 2011, GOLD 2017, and BODE index in predicting respiratory hospitalization were 0.697, 0.707, 0.741, and 0.754, which were not statistically different ([Figure 3-A](#F0003){ref-type="fig"} and [Table 3](#T0003){ref-type="table"}).Table 2Predictive factors for respiratory hospitalization based on the univariate and multivariate\* logistic regression analysesGOLDRespiratory hospitalizationOR (95% CI)Adjusted OR (95% CI) \*2007 GOLD 1112007 GOLD 22.08 (0.23--18.4)2.83 (0.31--26.1)2007 GOLD 36.00 (0.67--53.4)8.24 (0.87--78.2)2007 GOLD 418.0 (1.72--188.1)31.5 (2.52--394.4)2011 GOLD A112011 GOLD B1.67 (0.50--5.52)1.40 (0.40--4.85)2011 GOLD C3.57 (0.80--15.9)3.67 (0.79--17.1)2011 GOLD D7.41 (2.52--21.8)6.75 (2.07--22.0)2017 GOLD A112017 GOLD B2.32 (0.86--6.32)1.93 (0.67--5.60)2017 GOLD C6.44 (1.14--36.6)7.55 (1.25--45.8)2017 GOLD D24.2 (6.57--88.8)25.0 (6.01--102.9)[^2] Table 3*p*-values in the comparisons of the predictive accuracy of the BODE index and the GOLD 2007, GOLD 2011, and GOLD 2017 classifications using ROC curve analyses*p*-values for mortality*p*-values for respiratory hospitalizationBODE vs GOLD 20070.0020.009BODE vs GOLD 20110.0880.175BODE vs GOLD 20170.9790.765GOLD 2007 vs GOLD 20110.1500.715GOLD 2007 vs GOLD 20170.0130.308GOLD 2011 vs GOLD 20170.0450.296[^3] Figure 3Receiver operator characteristics curves of 2007 GOLD, 2011 GOLD, 2017 GOLD, and BODE index to predict respiratory hospitalization (3-A) and mortality (3-B).

Mortality {#S0003-S2003}
---------

Thirty-three (24.8%) out of the 149 patients with COPD died during the study period. The mortality rate in the GOLD 2017 groups A, B, C, and D were 11.4%, 19.5%, 28.6%, and 53.3%, respectively (*p*=0.001) ([Table 1](#T0001){ref-type="table"}). The AUCs of GOLD 2007, GOLD 2011, GOLD 2017, and BODE index in predicting death were 0.573, 0.624, 0.691, and 0.692. The differences in the AUCs were statistically significant between GOLD 2017 and GOLD 2011 (*p*=0.045) ([Table 3](#T0003){ref-type="table"}) and between GOLD 2017 and GOLD 2007 (*p*=0.013) ([Table 3](#T0003){ref-type="table"}). The predictive abilities of GOLD 2017 and BODE index for mortality were similar according to the ROC curve analysis (*p*=0.979) ([Figure 3B](#F0003){ref-type="fig"}). A comparison of the overall survival using the Kaplan--Meier curve revealed that survival was not significantly different among the 2007 GOLD groups 1 to 4 and among 2011 GOLD groups A to D. However, survival was significantly different among the GOLD groups A to D classified according to the GOLD 2017 classification (log-rank test, *p*\<0.001) ([Figure 4](#F0004){ref-type="fig"}).Figure 4Kaplan-Meier curves of the overall survival according to the 2007, 2011, and 2017 GOLD classifications.

Discussion {#S0004}
==========

The current study was conducted to verify the prognostic validity of the new GOLD 2017 classification to predict respiratory hospitalization and mortality in patients with stable COPD. We found that the odds ratios of respiratory hospitalization in 2017 GOLD group C and D were higher than those in 2011 GOLD group C and D, and being in 2017 GOLD group C and D was a significant predictor of respiratory hospitalization. With respect to mortality, the Kapan-Meier survival curves of the 2017 GOLD ABCD groups were statistically different, and the 2017 GOLD classification had a discriminatory power similar to that of the BODE index and a significantly better discriminatory power than those of the 2011 GOLD and 2007 GOLD classifications.

The proportion of patients in 2017 GOLD groups in this study was similar to that in the studies by Tudoric et al and Marcoa et al[@CIT0010],[@CIT0012] in which approximately 50% of the patients were categorized into group B. Furthermore, the proportion of patients in group A, C and D was similar in those studies. However, Lopez et al and Menezes et al reported that over half of the patients in their COPD cohorts consisted of patients in 2017 GOLD group .[@CIT0009],[@CIT0013] It is uncertain how theses differences in the patients composition impact the study results.

The current study demonstrated that the use of the GOLD 2017 classification shifted patients with COPD to groups of milder severity compared with the GOLD 2011 classification. This is the opposite of the phenomenon observed with the use of the revised GOLD 2011 classification, which shifted the patients with COPD to more severe categories compared with the GOLD 2007 classification[@CIT0014] Recent studies evaluating performance and validity of the new GOLD 2017 classification showed that a considerable number of patients were shifted from 2011 GOLD group C to 2017 GOLD group A and from 2011 GOLD group D to 2017 GOLD group .[@CIT0009],[@CIT0010],[@CIT0015] Tan et al have reported that 65.5% of patients were reassigned to 2017 GOLD group A or B from 2011 GOLD group C or D. Likewise, 53.2% patients in 2011 GOLD groups C or D were shifted to 2017 GOLD groups A or B in this study. These changes may contribute in increasing the prognostic performance of the GOLD 2017 classification. The mortality and rate of respiratory hospitalization in the unchanged group were higher than those in the group whose group allocations were shifted in this study.

Some researchers have recently compared the predictive accuracy of the GOLD 2017, GOLD 2011, and GOLD 2007 classifications for mortality following the release of the GOLD 2017 documents. Menezes et al and Gedebjerg et al showed that the predictive accuracy of the new GOLD 2017 classification was not higher than those of the previous classification systems.[@CIT0013],[@CIT0016] Interestingly, the old GOLD 2011 classification predicted mortality better than the new GOLD 2017 classification did according to a study by Lopez et al[@CIT0009] The results of this study with regard to mortality prediction were somewhat different from results of previous studies. This study showed that the AUCs of GOLD 2007, GOLD 2011, and GOLD 2017 classifications for mortality prediction increased in that sequence. Furthermore, discriminatory power of the GOLD 2017 classification was significantly better than those of the GOLD 2007 and GOLD 2011 classifications.

Scarce data exist regarding the accuracy of the GOLD 2017 classification in the prediction of acute exacerbations and respiratory hospitalizations. Marcoa et al have reported that exacerbation were most common in GOLD 2017 group D (67.3%) followed by group C (55.6%), B (42%), and A (28.6%); these results were similar with the results of this study. The authors also showed that the GOLD 2017 and GOLD 2011 classifications identified a comparable number of patients with exacerbations after adjusting for confounding variables[@CIT0010] This study showed that the GOLD 2017 classification identified more patients with respiratory hospitalization than the GOLD 2011 classification did. In addition, the odds ratios of being in not only GOLD 2017 group D but also group C relative to group A were statistically significant for respiratory hospitalization; however, the odds ratio of being in GOLD 2011 group C relative to group A was not significant in this study.

The BODE index is a multidimensional grading system that predicts the risk of death better than GOLD 2007 classification does in patients with COPD[@CIT0011] Torres et al have reported that the BODE index predicts survival better than GOLD 2011 classification does[@CIT0017] In the current study, the BODE index had a better predictive accuracy for mortality than the GOLD 2007 classification had; however, the predictive abilities of the BODE index were comparable to those of the GOLD 2011 and GOLD 2017 classifications. The BODE index has also been evaluated as a multidimensional system of COPD severity with regard to its prediction of exacerbations and hospitalizations. Martin et al and Ong et al have reported that the BODE index predicted future exacerbations and hospitalizations better than the GOLD 2007 classification did.[@CIT0018],[@CIT0019] Studies comparing the predictive performance of the BODE index and the 2011 GOLD and 2017 GOLD classifications for exacerbations and hospitalizations are lacking. Our data showed that the GOLD 2007 classification had a lesser discriminatory power than the BODE index had. however, the GOLD 2017 classification had a discriminatory power comparable to that of the BODE index.

Some limitations of the current study need to be acknowledged. First, the number of enrolled patients was quite small; this is because we excluded patients without a CAT score and a BODE index. Second, few patients in 2017 GOLD group C were included in this study. It is a common observation that the number of GOLD group C patients is smaller than that of other groups; less than 5% of all enrolled patients belonged to GOLD group C in this study. It is possible that the skewed patient enrollment may have lead to biased study results. Third, the causes of death could not be identified. Thus, the respiratory mortality could not be analyzed. Nevertheless, this study has several advantages. First, this was prospectively designed observational study. Second, the median follow-up time was over 5 years; this relatively long follow-up facilitated analysis of survival as well as analysis of acute exacerbations. Third, the CAT score was applied in all enrolled patients according to the original GOLD document. Some previous studies assigned patients to GOLD ABCD groups without using the CAT score, which may impact the study accuracy. Fourth, we calculated the BODE index in all enrolled patients. The BODE index is a well-established scoring system with regard assesssing the prognosis of patients with COPD; therefore, it was very important to compare the predictive accuracy of the BODE index and the new GOLD classification.

Conclusions {#S0005}
===========

The revised GOLD 2017 classification has an accuracy similar to that of the BODE index and a better accuracy than those of the GOLD 2007 and GOLD 2011 classifications in terms of predicting mortality and respiratory hospitalization according to the results of this study. Further studies with a large number of patients with COPD are needed.
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GOLD, Global Initiative for Chronic Obstructive Lung Disease; COPD, Chronic obstructive pulmonary disease; FEV~1~, forced expiratory volume in one second; mMRC, modified Medical Research Council; CAT, COPD Assessment Test; BODE, the BMI, obstruction, dyspnea, exercise; FVC, forced vital capacity; 6MWT, six-minute walk test; DLco, diffusing capacity of carbon monoxide; RV, residual volume; ORs, Odds ratios; CIs, confidence intervals; ROC, Receiver Operation Characteristic;AUCs, areas under the curves.
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[^1]: **Note:** Values are presented as mean ± SD unless otherwise noted.

    **Abbreviations:** GOLD, Global Initiative for Chronic Obstructive Lung Disease; BMI, body mass index; FEV~1~, forced expiratory volume in 1 second; DLco, diffusing capacity for carbon monoxide; 6MWT, 6 min walk test; BODE, body-mass index, airway obstruction, dyspnea, and exercise.

[^2]: **Abbreviations:** GOLD, Global Initiative for Chronic Obstructive Lung Disease; OR, odds ratio; CI, confident interval.

    **Note:** \*Multivariate models adjusted for gender, age, body mass index, and smoking history.

[^3]: **Abbreviations:** ROC, Receiver Operation Characteristic; BODE, BMI, Obstruction, Dyspnea, Exercise; GOLD, Global Initiative for Chronic Obstructive Lung Disease.
